Rationale Antielastin autoimmunity has been hypothesised to drive disease progression in chronic obstructive pulmonary disease (COPD). The proposed mechanism is currently disputed by conflicting data. The authors aimed to explore antibody responses against elastin in a large and extensively characterised COPD population and to assess elastin-specific peripheral T-cell reactivity in a representative subgroup. Methods Antielastin antibodies were analysed with indirect ELISA on the plasma of 320 patients with COPD (Global Initiative for Chronic Obstructive Lung Disease 1e4) and 143 smoking controls. In a second group of 40 patients with COPD and smoking controls, T-cell responses against extracellular matrix (elastin, collagen I and collagen V) were determined with enzyme-linked immunosorbent spot (EliSpot) (interferon g (IFNg) and interleukin-2) on peripheral blood mononuclear cells and compared with the responses of 11 never-smoking controls. Results Antielastin antibody titres were not elevated in patients with COPD compared with smoking controls and even decreased significantly with increasing severity of COPD (p<0.001). Lower antielastin antibody titres were also found in a subgroup of patients with CT-proven emphysema. Elastin-specific INFg-mediated T helper 1 responses could not be revealed in smoking subjects with and without COPD. Collagen I-mediated T-cell responses were also absent, which contrasted with a significant increased anticollagen V response in the smoking controls and patients with COPD compared with the never smokers (p¼0.008). Collagen V-mediated T-cell responses could not discriminate between patients with COPD and smoking controls. Conclusion A systemic immune response against elastin could not be identified in patients with COPD. By contrast, collagen V-mediated autoimmunity was increased in the subgroup of smokers and may potentially contribute to the pathogenesis of COPD.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is characterised by an abnormal inflammatory response in the airways and lung parenchyma to the inhalation of toxic or noxious particles. This inflammatory response progressively increases with severity of disease. Although several factors may contribute to COPD, cigarette smoke represents the major risk factor for COPD. Remarkably, inflammation in the lungs persists for years after smoking cessation and the precise nature of this complex immune response remains unclear. 1e3 Historically, the pathogenesis of COPD has been approached as a disturbed innate immune response of epithelial cells, neutrophils and macrophages. 4 5 However, several pieces of evidence are currently pointing towards an important role of the adaptive immune system. The increasing presence of CD8 cells, CD4 cells and B cells in the small airways and lung tissue of patients with more severe disease, 6e8 their oligoclonal aspect, 8 9 and their structural organisation as tertiary lymphoid tissue 10 indicate that antigen-specific stimuli elicit an immune reaction, potentially enhancing the ongoing inflammation. At present, the nature of the antigens towards which the immune response might be directed remains unclear. 1 3 There are several hypotheses which describe apoptotic epithelial cells, apoptotic endothelial cells, microbial peptides or components of the extracellular matrix (elastin and collagen) as potential antigens. Supporting evidence comes from the presence of antinuclear antibodies 11 and circulating IgG antibodies against pulmonary epithelial cells, 12 endothelial cells 13 and extracellular matrix proteins 14 in patients with COPD.
Key messages
What is the key question?
< Is chronic obstructive pulmonary disease (COPD) characterised by a peripheral immune response against elastin?
What is the bottom line?
< Lung destruction in COPD may lead to the release of self-antigens. < This study investigated whether elastin and other components of the extracellular matrix are inducing a T-cell and B-cell immune response, which may be specific for COPD.
Why read on?
< Our study shows that a systemic immune response against elastin fragments was not present in patients with COPD. < However, smoke-induced T-cell immunity against collagen V was found to be more prevalent in smokers and needs further attention.
< An additional material is published online only. To view this file please visit the journal online (http://thorax.bmj.com/ content/67/8.toc).
However, it remains unclear whether these antibodies should be regarded as bystander, protective or pathogenic antibodies as they may be equally found in healthy smokers. Besides, autoimmunity does not require self-antibodies per se whereas an underlying antigen-specific T-cell response is known to be key for developing autoimmunity. In this regard Lee and colleagues 14 were the first to describe an autoimmune component in COPD by showing the presence of antielastin antibodies and reactive T cells against elastin peptides in peripheral blood of patients with severe COPD. However, other studies investigating antielastin antibodies in plasma/serum samples failed to detect any differences in antielastin antibody levels between controls and patients with COPD. 15e17 Some of these studies were hampered by small sample size, others focused on an a-1 antitrypsin deficient population. As none of these studies explored the relationship with centrilobular emphysema or looked at elastinspecific T-cell responses, the role of antielastin autoimmunity is still debated.
Immunity against collagen type I, the other major source of the extracellular lung matrix, has also been explored in COPD, all with negative results.
14e17 Interestingly, collagen type V has recently been proposed as auto-antigen in a variety of other chronic diseases including respiratory diseases.
18e21 Collagen V is a minor component of the extracellular matrix abundant in lung, skin and placenta, which may, as a result of injury, become immunogenic. Recent studies have demonstrated that interleukin (IL)-17-dependent cellular autoimmunity against collagen V was present in patients with bronchiolitis obliterans syndrome (BOS), a clinical/pathological description for chronic rejection originating from the small airways. 18 22 More specifically, Tiriveedhi et al showed that with the release of matrix metalloproteinases (MMP-9, MMP-2), different cryptic epitopes of collagen V become uncovered, driving T cells into a T helper 1 (Th1)/Th17 phenotype resulting in BOS. 23 So far, no studies have explored collagen type V as a potential source of antigen in COPD, but given the presence and pathogenic role of MMPs and Th17 cells in the peripheral airways of patients with COPD, it may sound attractive. Since conflicting results were obtained for antielastin immunity in COPD, the present study aimed to determine antielastin antibodies in a large COPD population with different stages of severity. In a second sample, we also explored T-cell responses against elastin and compared this with T-cell reactivity against other relevant compounds of the extracellular matrix (collagen I and collagen V).
MATERIALS AND METHODS Study population
Study participants were selected at the University Hospital of Leuven. The first study population consisted of patients with clinical COPD who were recruited at the outpatient clinic, and patients with subclinical COPD (Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage 1) or smoking controls who were obtained from the Nelson study, a CT screening study for early detection of lung cancer in (ex)-smokers. 27 All subjects had a minimal age of 50 years, a smoking history of $30 packyears and were stable at time of inclusion. COPD diagnosis was based on GOLD criteria (post bronchodilator ratio forced expiratory volume in 1 s (FEV 1 )/forced vital capacity <0.7). 28 The presence of emphysema was determined by CT scan of the chest as assessed by two independent radiologists. All 463 subjects provided a plasma sample and a representative subgroup of 25 patients with COPD was selected for a second blood sampling to assess for between-test variability in one subject. For enzymelinked immunosorbent spot (EliSpot) experiments, a second smaller cohort was recruited at the same hospital and consisted of 28 patients with COPD and 12 smoking controls who were compared with 11 never-smoking healthy subjects selected by age and gender from relatives of patients or hospital personnel. The project was approved by the ethical committee of UZ Leuven and all subjects gave informed consent.
Antielastin and anticollagen V antibodies
Antielastin antibody levels were determined in duplicate on plasma samples of the cohort of 463 subjects and on the second group of 51 subjects. To determine antielastin antibody levels, an ELISA was used, according to the protocol of Lee et al 14 with the following changes. Human plasma samples were diluted with a twofold serial dilution starting from 1:40 to 1:1280. A goat antihuman horseradish peroxidase (HRP) conjugated IgG (Ab6759, Abcam, Cambridge, UK) was used as secondary antibody (4 mg/ml) in our assay. The optical density of individual wells was determined at 450 nm using a standard microplate spectrophotometer. In our assay, we selected as a positive control a plasma sample of a patient with scleroderma with known positive titres of antielastin antibodies. The samples were calculated relative to the standard positive control and values were expressed as relative units: (OD sample/OD positive control)3100. In a subgroup of 25 patients with COPD from the first cohort, antielastin antibody titres were repeated to determine variability over time. The average time between two samples was 2.61 years. In the second cohort of 51 individuals, anticollagen V antibody titres were also quantified by ELISA. A more detailed protocol can be found in the online supplement.
Isolation of peripheral blood mononuclear cells
In the second group consisting of 28 patients with COPD, 12 smoking controls and 11 healthy non-smoking controls, fresh blood samples were collected to isolate peripheral blood mononuclear cells (PBMCs) by density gradient centrifugation. Blood samples were diluted with PBS (Dulbecco's phosphate buffer saline, Invitrogen, Merelbeke, Belgium) and placed on Ficoll gradient (Lymphoprep, Axis-Shield, Oslo, Norway). Samples were centrifuged for 20 min at 6003g. After centrifugation, the mononuclear layer was isolated and cells were washed twice with PBS at 3003g for 10 min. To determine total cell counts of mononuclear cells, trypan blue solution (Sigma Aldrich, Bornem, Belgium) was used. A median number of 30310 6 PBMCs per patient were harvested. Cells were diluted in freezing medium (10% dimethylsulfoxide (DMSO), 45% fetal bovine serum (FBS) and 45% rpmi-Glutamax medium) and aliquots of 10310 6 cells/ml were frozen at À808C prior to EliSpot.
EliSpot assay
The EliSpot assay was performed on PBMCs to determine T-cell differentiation in response to antigen. 
RESULTS

Study population 1 Baseline characteristics
The characteristics of the studied population are shown in table 1. Of 463 subjects, 320 were classified as having COPD (GOLD 1e4) whereas 143 were classified as controls. Groups were matched for gender and current smoking status but controls were slightly younger and had less pack-years compared with the COPD group (p<0.001). As expected, patients with COPD had lower body weight and reduced pulmonary function. Based on a CT scan of the chest, emphysema was identified in 70% of the COPD population compared with 6% of the smoking controls (p<0.001).
Antielastin antibody levels
Median antielastin antibody titres were not increased in patients with COPD compared with smoking controls ( figure 1A ). When classifying according to GOLD stages, antielastin antibody titres were even decreased in GOLD stage 3 and GOLD stage 4 compared with smoking controls (p¼0.004) (figure 1B). Similarly, when stratifying for CT-proven emphysema, lower antielastin antibody titres were also found in subjects with emphysema compared with subjects with no emphysema on CT ( figure 1C ). There was a weak correlation between antielastin antibody levels and FEV 1 expressed as percentage predicted (r¼0.169, p<0.001), which persisted after adjustment for number of pack-years and age with multiple regression analysis (b¼0.09 (0.01e0.16), p¼0.035) ( figure 1D ). Overall, antielastin antibody titres were very low. Only 4% of the subjects had antibody titres equal to or higher than the control patient with scleroderma, with similar prevalences in the COPD (4.38%) and emphysema (2.50%) groups compared with their respective smoking control groups (2.80% and 0%). In a representative group of 25 patients with COPD, antielastin antibody levels were reassessed on a second blood sample. Although mean levels were not significantly different (p¼0.89), 48% of patients had reduced levels and 52% increased values over a median time interval of 2.61 years (2.40e2.83). Two out of three patients who had positive titres on the first measurement had an important reduction in antibody levels towards negative values of 25% from the positive control (figure 2).
Study population 2 Baseline characteristics
In a second group of 51 subjects, a larger blood sample was taken to explore peripheral T-cell responses of patients with COPD and smoking subjects in comparison with the responses of healthy never smoking controls (n¼11). Baseline characteristics are shown in table 2. Among patients with COPD, four patients were classified in GOLD I (14%), nine patients in GOLD II (32%), nine patients in GOLD III (32%) and six patients in GOLD IV (22%). Based on a CT scan of the chest, emphysema was identified in 68% of patients with COPD compared with 8% of the smoking controls. Median titres of antielastin and anticollagen V antibodies of the different groups were not statistically different.
T-cell reactivity against components of extracellular matrix
Median elastin-specific Th1 responses (IFNg) and collagen I-specific Th1 responses (IFNg) were not statistical significantly different between patients with COPD, smoking and nonsmoking controls. However, median collagen V-specific Th1 immune responses (IFNg) were found to be significantly higher in the smoking controls and patients with COPD compared with the never smoking subjects (p¼0.008), with no difference between smoking controls and patients with COPD (table 3) . In addition, positive samples were identified in a higher proportion of smoking subjects and patients with COPD (14/34) compared with non-smoking controls (1/11), although this finding did not reach the level of statistical significance (p¼0.066). When differentiating smoking individuals on the presence of emphysema, again collagen V induced IFNy expression was not different between the groups (table 4). The EliSpot assay for IL-2 expression after antigen stimulation was less sensitive as no Th1 responses for IL-2 were found to be increased in any of the groups (data not shown). Similarly, Th17 responses remained below the detection limit since only a few spots in a limited number of subjects were measured in the positive control with pokeweed. These data are not reported.
DISCUSSION
This study investigates the potential presence of an autoimmune response against different components of the extracellular matrix in COPD. Our main findings are that antielastin antibody titres were not increased in a large COPD population compared with smoking controls and that peripheral T-cell responses against elastin could not be revealed in a representative sample of patients. Although our data contrast with the findings of Lee et al 14 showing increased antibody titres and Th1 responses against elastin in patients with severe COPD, the present study corroborates with several recent publications not being able to confirm antielastin autoimmunity in COPD. Collagen V-specific autoimmunity by contrast seems to be associated with smoking history and may eventually be involved in the pathogenesis of COPD.
Since most of the studies on antielastin antibodies may be criticised on methodology, 15 use of a non-smoking control group, 17 or focus on a particular phenotype of a-1 antitrypsin deficiency, 16 our data may redirect the ongoing debate. Indeed, similar to the study of Lee and colleagues, 14 we applied a proper standard control on each of the ELISA plates and expressed antibody titres relative to this positive control. We used a much larger COPD population of 320 subjects representing different stages of severity and compared them with a smoking control population of 143 subjects, nearly matched for gender, age and smoking status. In addition to bronchial obstruction and FEV 1 , we also explored relationships with CT-proven emphysema as antielastin immunity may potentially target the parenchyma to a greater extent. Despite these measures, no relationships between antibody titres, disease presence or severity could be observed. Moreover, when repeating antibody titres over time in a limited subgroup, median values were not different but large variability was observed in most subjects between paired samples. Two of the three samples with positive titres at the first measurement showed negative values at the second measurement, indicating that the use of antielastin antibody titres, even when positive, is highly variable and therefore not useful as a biomarker to appreciate auto-immunity. In fact, these findings are not surprising as it is well known that serum antibody levels are highly variable and do not form a prerequisite for autoimmunity, which often is only driven by auto-reactive T cells. We therefore assessed T-cell reactivity against elastin on PBMCs in another sample and compared this reaction with the response of PBMCs against other lung matrix proteins. In contrast to the study of Lee and colleagues, 14 elastin-specific Th1 responses (IFNg and IL-2) could not be revealed in our study. This may relate to a different sensitivity of the assay as we used EliSpot on whole PBMCs instead of cocultures of antigenpresenting cells enriched with purified T cells. However, our assay was able to pick up a high elastin-specific response in one smoking control, and more importantly, the absence of elastinspecific Th1 responses was in strong contrast with our observation that collagen V-specific Th1 (IFNg) responses could be detected in 41% of the smoking subjects. This indicates that the Elispot assay was able to pick up T-cell immune responses against self-antigens if sufficiently present.
The observed Th1 (IFNg) response against lung-specific collagen V in patients with COPD and smoking subjects is intriguing. Recent studies have highlighted a potential role of collagen V as an auto-antigen in BOS 18 and atherosclerosis. 19 Both diseases may be characterised by persistent lung damage and inflammation through histocompatiblity mismatch or Figure 2 Scatterplot of the chronic obstructive pulmonary disease subpopulation (n¼25) showing the correlation between antielastin antibody titres measured at two different time points in one subject. smoking. Apart from antigen deliberation, smoking and inflammation are known to induce post-translational modifications of proteins, a process known to be associated with autoimmunity. 16 29 In line with this, Tiriveedhi et al found that with the presence of BOS a switch from downregulatory IL-10 responses to IFNg/IL-17 T-cell responses occurred, which corresponded to a change in immunodominant epitopes of collagen V, most likely by increased release and activity of MMPs. 23 A mixed Th1/Th17 immune response was also found in patients with atherosclerosis. 19 Since the sensitivity of our assay for IL-17 was below the detection limit, we cannot speculate if a mixed Th1/Th17 immune response was present in our positive subjects. Similarly, it remains unclear to what extent collagen V T-cell responses may contribute to disease onset and progression in COPD, as they were equally found in the smoking group without COPD and there are no long-term clinical followup data available. We acknowledge that the relative low number of subjects may have confounded our findings, but given the emerging role of collagen V in related diseases, further research on this interesting pathway is warranted.
Our data should be carefully interpreted in terms of a contributing role for autoimmunity against elastin in COPD. Although we have shown that antielastin autoimmunity in the peripheral circulation is below the detection limit, we did not explore antigen specificity and clonal expansion of B and T cells residing in the lung. Even if we were able to detect elastinspecific B and T cells in lung tissue, the question of whether these cells enhance inflammation and catalyse disease progression is still not addressed. Recently, Brandsma et al 30 demonstrated that immunisation with elastin peptides in chronically smoke-exposed mice did not aggravate emphysema. This may suggest that, at least in mice, elastin immune responses are not harmful to the lung or that immune tolerance quickly develops against such ubiquitous self-antigens to prevent further damage. At this stage, it is unclear whether immune tolerance against deliberated elastin fragments may explain the contradictory findings in humans. Overall, we conclude that a systemic immune response against elastin could not be detected in a large sample of patients with COPD. Smoke-induced T-cell immunity against collagen V was found to be rather prevalent and needs further attention. 
